This study aimed to evaluate the role of biomarkers in the pathophysiological process induced by a Staphylococcus aureus strain obtained in a hospital environment. For this, we intraperitoneally inoculated groups of male BALB/c mice with S. aureus, using a clinical isolate (CI) of S. aureus.
Background
Sepsis is an acute inflammatory response against an infective organism, accompanied by a complex cascade of cellular and chemical interactions. The aim of the hyperdynamic sate is to eliminate the invasive organism from the body. Despite this protective mechanism, the acute response can lead to tissue damage and cause life-threatening complication if not properly and quickly treated [1] . The incidence of sepsis has increased in recent years due to the increase of the elderly population, longer hospitalization, and more invasive procedures; therefore, sepsis is growing in epidemiological importance [2] . Nosocomial infectious due to contaminated intravenous fluid, blood products, and medications have been documented [3] . The mortality rates of sepsis range from 12.8% for sepsis and 20.7% for severe sepsis, to up to 45.7% for septic shock [4] .
The lipopolysaccharide (LPS) of gram-negative bacteria is known to be the main constituent inducing sepsis, which stimulates the release of endogenous mediators responsible for pathophysiological changes associated with high mortality [5] . Recent clinical studies have demonstrated that the causes of sepsis by gram-positive bacteria have been increasing, being responsible for 50% of cases of severe sepsis or septic shock in hospital intensive care units (ICUs) [6] . S. aureus is among these microorganisms, and is the leading cause of sepsis among gram-positive bacteria.
S. aureus was isolated from the blood of 52.4% of patients with sepsis, and the strains of S. aureus resistant to methicillin (MRSA) were recorded [7] . The peptidoglycan (PG) and lipoteichoic acids (LTA) of S. aureus, recognized by toll-like receptor 2 (TLR2) in monocytes/macrophages, induce inflammatory responses due to activation of nuclear factor kappa B (NFκB). This activation produces inflammatory mediators intended to eliminate the microorganism [8] . These mediators can be measured and used as markers of infection [9] .
Biomarkers for sepsis include interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-κ) and C-reactive protein (CRP), and procalcitonin (PCT) has recently received considerable attention. IL-6 is a cytokine acting in both innate immune responses, synthesized by monocytes, endothelial cells, fibroblasts, and other cells in response to microorganism stimulation [10] . TNF-a is the main mediator of the acute inflammatory response to gram-negative bacteria and other infectious microorganisms. This cytokine is responsible for many systemic complications in severe infections, such as disseminated intravascular coagulation [11] .
CRP is an acute-phase protein produced by hepatocytes, and activates the complement system. It is used as a marker of inflammation and tissue damage [12] . Systemic levels of CRP are elevated in septic patients compared with non-septic patients [13] . PCT is a pro-hormone calcitonin, and studies show that their serum levels can be used to distinguish symptoms of sepsis from a non-infectious inflammatory response, being an important biomarker for differential diagnosis [14] . However, the sepsis diagnosis and assessment of severity becomes complicated due to the highly variable nature of its signs and symptoms, as well as by the lack of sensitive and specific laboratory tests in differentiating between infectious and noninfectious cases [15] .
Therefore, there is a need for biomarkers that can be used to assess the severity and the evolution of infection. The aim of this study was to evaluate the role of biomarkers in sepsis induced by S. aureus. Our group established a model of infection in mice using a clinical isolate of S. aureus, and evaluated blood parameters, gene expression, and histopathology.
Material and Methods

Bacteria
A clinical isolate of S. aureus (CI) was used in this study. This isolate was obtained from a previous study that examined the presence of this organism in a hospital environment. In this study, clinical samples were obtained from ICU environments and equipment surfaces with a high possibility of contamination. In the same study, selection tests and isolation of sensitivity to antibiotics, of biofilm formation, and extraction of DNA for amplification of the mecA gene were done, which were positive for methicillin resistance. Pathogenicity tests for the detection of virulence genes also were done, which proved positive for staphylococcal enterotoxin type A genes (SEA), staphylococcal enterotoxin type B (SEB), leukocidin PantonValentine (PVL), and the IgG binding region and X region of protein A (Spa) [16] . Staphylococci were grown, cloned, and stored at -70°C. BHI (brain heart infusion) and mannitol salt agar (MSA) were used to cultivate the strain S. aureus for subsequent infection of the animals.
Animals
Forty-five male BALB/c mice (6-8 weeks old), provided by the University of Campinas, São Paulo, were used. BALB/c mice are widely used for the study of sepsis. BALB/c mice tend to generate humoral immunity and Th2 cytokines, a process that has sometimes been associated with development of sepsis [17] . The animals received food and water ad libitum. The study was conducted at the Laboratory of Microbiology and Immunology, Institute for Multidisciplinary Health, Federal University of Bahia, Brazil. The study was approved by the Ethics Committee on Animal Use (CEUA), University of São Paulo.
Experimental infection of mice
Groups of BALB/c mice were inoculated intraperitoneally with S. aureus. The strain was subcultured in mannitol salt agar at 37°C overnight. On the day of the experiment, a bacterial suspension was prepared by sodium chloride 0.9% solution and the inoculum (1 ml) was adjusted by spectrophotometer (1×10 8 CFU/mL). The animals were divided into groups according to the time of euthanasia (24, 48, 72, 96, 120, 144 , and 168 hours of infection). The control groups of mice were inoculated with sterile saline and sacrificed at a specific time (168 hours). After onset of infection, the animals were sacrificed by decapitation.
Fluid and tissue collection
After euthanasia, blood samples were collected into tubes with EDTA and without EDTA. The samples with EDTA were used for total and differential blood count. The samples without EDTA were centrifuged at 2200 g for 5 minutes at 4°C. The serum was stored at -80°C for the measurement of biomarkers by ELISA (enzyme-linked immunosorbent assay). The coagulum was used for quantification of bacterial load by real-time PCR (qPCR).
Heart, kidneys, and lungs were removed and fractionated for analysis. A portion of the material was used for histopathology. The other part was stored at -80ºC for the performance of molecular techniques (RT-PCR and qPCR).
Total and differential blood cell count
For total blood cell count, 20 μl of blood (collected in EDTA) were mixed with 400 μl of liquid thinner and the sample was transferred to a Neubauer chamber to perform the leukocyte count in an increase of 40×. The differential blood cell count was stained by a Panoptic kit. One hundred leukocytes were counted using an immersion objective and the different types of leukocytes and their values were counted and recorded. Based on the total leukocyte count and percentage values found in the differential count, the absolute values were calculated for each leukocyte.
S. aureus quantification
The blood DNA was extracted according to the protocol of an Invitek (Stratec ® ) kit. DNA from tissue was extracted by the phenol-chloroform-thiocyanate using the Trizol ® platform [18] . The real-time PCR was performed in duplicate, using the Applied Biosystems platform. This technique was performed by using TaqMan Probe using a basic amplification protocol. This protocol included, in a final reaction volume of 25 μl, 12.5 µl of Master Mix (Applied Biosystems), 1.12 µl of primer LTnucF (AAATTACATAAAGAACCTGCGACA), 1.12 µl of primer LTnucR (GAATGTCATTGGTTGACCTTTGTA) (20 pmol), 0.75 µl probe (10 mM), 7.0 µl of water, and 2.5 µl of DNA. Quantification was performed using an absolute quantification technique, based on a predetermined standard curve ranging from 10 7 to 10 microorganisms/uL.
Measurement of biomarkers
Sandwich ELISA was performed on biomarkers IL-6 (eBIOSCI-ENCE), TNF-a (eBIOSCIENCE), PCR (Life Diagnostics), and PCT (RayBio
). An ELISA 96-well plate was sensitized with a specific capture antibody and incubated overnight at 4°C. The wells were washed to remove free antibodies. After washing, the detection antibody was added. The wells were washed again and added to the secondary antibody conjugated to streptavidin peroxidase enzyme. After further washing, a substrate solution of tetramethylbenzidine (TMB) was added to the wells and the color developed in proportion to the amount of biomarker. The stop solution was added to the following section, changing the color from blue to yellow, and the color intensity was measured in an ELISA reader at 450 nm.
RNA isolation and RT-PCR
Total RNAm was extracted by the phenol-chloroform-thiocyanate using Trizol ® . Extracted RNAm was quantified by spectrophotometry (NanoDrop ND-1000, Witec Ag, Littau, Switzerland). Equal amounts of RNAm per tissue were subjected to reverse transcription (RT) by Random oligo dT-primers with reverse transcriptase (Invitrogen ® ). After cDNA synthesis, polymerase chain reaction (PCR) amplification of the cDNA was performed for TNF-a, IL-6, PCT, and CRP. The amplified cDNA was electrophoresed in 1% agarose gels containing ethidium bromide, and quantities were analyzed by densitometry using ImageJ software (the Research Service Branch of the National Institute of Health, Bethesda, MD, USA). The relative expression of each gene was normalized to the intensity of a housekeeping gene, b-actin. The expression level of each gene is reported as a ratio relative to the level of normalized expression in a control sample.
Morphological and histological analysis
Heart, kidney, and lung tissues were fixed in methacarn solution (60% methanol, 30% chloroform, and 10% glacial acetic acid) for approximately 24 hours, embedded in paraffin, and cut into 4-µm sections. The slides were stained with hematoxylin and eosin to evaluate the intensity of inflammation. The measurements were performed with the aid of a computerized interactive image analysis (Image Pro Plus 4.1 imaging software from Media Cybernetics, Silver Spring, MD, USA) and based on the scoring standard. A video camera attached to the microscope optical system transmitted from each microscopic field, which was converted into a digital image. 
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Statistical analysis
Statistical analysis was performed using GraphPad Prism, 5.0 (GraphPad Software, San Diego, CA, USA). The comparisons made in the experiments and were determined by individual variability or error variation (s2) by analysis of variance oneway ANOVA followed by the Newman-Keuls test of comparison. The results are expressed as mean plus or minus the standard error of the mean. Statistical differences were considered significant at p<0.05.
Results
During the study period, all animals survived. No complications were observed related to induction of sepsis or treatment technique.
S. aureus quantification
Infected animals showed higher levels of S. aureus in blood between 120 hours and 168 hours of infection ( Figure 1 ). However, no S. aureus was detected by qPCR in any of the organs studied.
Leukocyte count
We observed that infection promoted increases in the levels of circulating neutrophils ( Figure 2A ) and monocytes ( Figure 2B ). However, there was a reduction of circulating neutrophils and monocytes after 96 hours of infection. The infected mice also had increased levels of blood lymphocytes ( Figure 2C ). The 
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Biomarker serum levels and gene expression
To study the mechanisms involved in the different response times of infection, we analyzed serum levels of TNF-a, IL-6, PCT, and CRP by ELISA after infection with S. aureus. In infected animals, the serum levels of biomarkers increased in direct relation to the time of infection. The increase in serum was more significant with respect to IL-6 ( Figure 3A) , CRP ( Figure 3C ), and PCT ( Figure 3D ) compared to the control group. A borderline significant correlation was observed in TNF-a dosages ( Figure 3B ). Infected animals showed an increased expression of IL-6 in the heart within 48 hours of infection ( Figure 4A ). In the kidney, the increase was more evident at 96 hours ( Figure 4B) , and in the lung there was a more pronounced increase of IL-6 at 72 hours of infection ( Figure 4C ). There was a significant increase in the expression of PCT, which was more evident within 96 hours of infection in the heart ( Figure 5A ), kidney ( Figure 5B ) and lung ( Figure 5C ). Infected animals also showed significant increases in gene expression of CRP in the heart within 24 hours of infection ( Figure 6A ), and 48 hours in the kidney ( Figure 6B ) and lung ( Figure 6C ), as well as an increased gene expression of TNF-a between 48 and 72 hours of infection in the heart ( Figure 7A ), kidney ( Figure 7B ), and lung ( Figure 7C ). In this model of infection with S. aureus, IL-6, CRP and PCT demonstrated greater fidelity as markers of infection, since serum levels were elevated and lowered along with the number of circulating neutrophils and monocytes after resolution of the infection.
Histological inflammation
No histological changes were observed in infected animals in the heart or kidneys (data not shown). These animals differed in the histological analysis of the lungs. In the control group and 24 hours after infection, we observed clear alveoli 
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Discussion
Infected animals showed higher levels of S. aureus in blood between 120 hours and 168 hours of infection. However, detection of S. aureus by qPCR was not observed in any of the organs studied. Similar findings were reported by Verdrengh and Tarkowski [19] . Bloodstream infections by S. aureus are among the most prevalent and difficult to treat and are associated with high mortality and high costs to the health care system [20] . According to Deitch (1990) , the most probable mechanism of this increase in the bloodstream bacteria is injury of the gut mucosal barrier caused by an increase of microorganisms in the peritoneum, which results in villous edema and lesions of the lamina propria. Once the damaged mucosal barrier, microorganisms, and their components reach the lamina propria, they are phagocytized by resident macrophages and reach the mesenteric lymph nodes. From there they can spread to the thoracic duct, the veins of the portal system, liver, and lungs and initiate systemic circulation and then spread to other organs.
The ability to up-regulate virulence factors under stress stimuli (e.g., the host immune response) is a key factor in the persistence of S. aureus in the bloodstream and in the formation of secondary foci of infection [21] . This is because strains of S. aureus can adhere to and colonize the skin and mucous membranes of the nostrils to invade the bloodstream. Damage to the skin and the use of its virulence factors may result in bloodstream infections [22] . In the infection model of this study, peritonitis caused by the injection of large doses of S. aureus triggered a classic inflammatory response, but initially occurring where cytokines were released to combat invasion. These proinflammatory mediators assist local recruitment of neutrophils and monocytes to destroy the microorganism [23] . This may contribute to partial elimination of the microorganisms at the local site of infection, contributing to non-detection in the organs studied.
We also observed that infection with the ATCC strains and clinical isolates promoted increases in the levels of circulating neutrophils and monocytes and that infected mice had increased levels of blood lymphocytes. However, there was a reduction of circulating neutrophils and monocytes after 96 hours of infection. These findings are consistent with other studies previously reported in the literature [2, 24, 25] . Inappropriate activation of neutrophils contributes to the pathological manifestation of multiple organ failure [25] . Thus, the increase of neutrophils may have contributed to the elimination of the microorganism. In this study, we observed that there was a resolution of the infection. The increase and the decrease of S. aureus in the blood occurred simultaneously with neutrophils and monocytes at different times of infection, demonstrating that there was a beneficial effect on leukocyte function of eliminating the microorganism. This effect may be caused by cytokines such as the granulocyte colony-stimulating factor (G-CSF), which causes release of neutrophils from the bone marrow and promotes their maturation and activation [26] . Other experimental studies showed that there is a defect in leukocyte migration into tissues in humans with severe sepsis and septic shock, with consequent failure of immune system activity [27] . However, in this study we found there was a resolution of the infection and an observed increase and decrease of the simultaneous quantification of blood S. aureus, as well as neutrophils and monocytes at different times of infection, demonstrating that there was a beneficial effect on leukocyte function of eliminating the microorganism.
The lymphocytes showed significant decreases after 72 hours of infection. However, there was a considerable tendency to return to baseline by 168 hours. As shown here, as the infection resolves, the number of lymphocytes returns to baseline. During sepsis, lymphocyte depletion may occur [24] . These data are consistent with our findings, and show that apoptosis is essential for the resolution of inflammation, with a balance between the recruitment of leukocytes and their removal at the site of infection, which enhances host defenses so as to minimize cytotoxicity to the host. However, an important question about the death of lymphocytes during sepsis is whether it is beneficial or detrimental to the host. Although there is a possibility that lymphocyte death is beneficial because it causes down-regulation of the inflammatory response, this response can be detrimental because an abrupt loss of immune cells may compromise the ability of the host to eliminate infection [28] .
In the present study, infection with S. aureus caused an increased release of IL-6. IL-6 participates mainly in fever induction and production of acute-phase proteins. Although the relevance of IL-6 effects in sepsis is not clear, this cytokine presents a better correlation with mortality in experimental models and in patients with sepsis [29] . The higher plasma levels of IL-6 increased the probability of death of the patient [30] . Studies with patients admitted to the emergency department with signs of infection reported a high plasma concentration of IL-6, which could predict bacteremia and death due to infection [31] . Neonates who developed sepsis showed high levels of IL-6 compared to uninfected babies [32] .
PCT has been proposed as a marker of bacterial infection in critically ill patients [33] . Biju et al. [34] demonstrated the value of PCT as an early biomarker in radiation-induced bacteremia for mouse studies and suggested that clinical results from other septic conditions may apply to postradiation septicemia in humans. Unlike other biomarkers, it is not induced in autoimmune or neoplastic disorders, or in infections limited to a single organ, showing it to be extremely useful in the differential diagnosis of bacterial diseases [35] . According to Morgenthaler et al. [36] , in a model of sepsis in primates, there was a large production of PCT in the liver, kidney, aorta, adipose tissue, ovaries, bladder, and adrenal glands. Chan, et al. [37] observed that infected patients showed increased plasma levels of PCT, showing it to be a good marker of severity of infection. According to Hausfater et al. [38] , 195 patients with suspected infection showed elevated plasma levels of PCT. PCT appears to be a well-established biomarker of sepsis that fulfills several clinical needs: its responds both to infection and severity of inflammation and thus has a impact on therapy [39] .
CRP is an acute-phase protein produced predominantly by hepatocytes and secreted into the serum. However, many lines of evidence indicate that it may be produced by other cells such as monocytes [40, 41] . According to Dong and Wright [42] , the CRP expression observed in the lungs is related especially to alveolar macrophages in mice subjected to infection. As a biomarker, Povoa [12] observed that patients with proven infection showed elevated plasma levels of CRP compared with those without proven infection. The plasma levels of CRP is determined exclusively by its rate of synthesis and disease activity [43] . Moreover, Kubler et al. [44] reported that patients treated with recombinant human activated proteín C showed lower relative risk of death than those who were not treated. However, it is not considered an exclusive marker for sepsis becauser it can be found high in other noninfectious conditions [37] .
Studies show that the lungs are affected early in sepsis, and this can lead to serious injury in lung tissue [45] . Another study showed that septic lung infections were the primary source of infection in 47% of patients [46] . The lung injury caused after an abdominal infection is caused by contributions from neutrophils, platelets, the complement system, cytokines, and free radicals. The reactive oxygen species, released by neutrophils, contribute to increased lung injury [47] . Although S. aureus was not detected in the analyzed tissue, lung damage is also caused by bacterial components such as PG and LTA S. aureus. These components stimulate recruitment of neutrophils and macrophages by releasing cytokines and enzymes, causing injury to microcirculation [48] .
The non-occurrence of histological changes visible in both heart and kidneys of infected animals may be due to the process of resolution of the inflammatory state. Although there was no visible damage to the tissues, we observed an inflammatory process by the release of inflammatory cells. The initial peritonitis caused by S. aureus triggered a response with release of cytokines, which may have aided in the recruitment of leukocytes in the first 24 hours. After resolution of the infection, both leukocytes and cytokines returned to baseline values, which may have contributed to the lack of visual changes in tissues.
Conclusion
The results of this study demonstrated that infection with S. aureus promoted a significant increase in blood levels of bacteria and local peritonitis caused by injury of the mucosal barrier, as well as increased blood levels of leukocytes because of the inflammatory process. This process contributed to partial elimination of the pathogen and its decrease in the blood. Visible change in histological lung tissue was observed, with neutrophil infiltration and enlargement of the alveolar septa, probably due to the release of inflammatory cytokines. However, infection with S. aureus did not lead to visible change in histological tissue in the heart and kidneys, and IL-6 and CRP proved to be more reliable as biomarkers. Plasma biomarker levels increased and decreased along with the levels of blood leukocytes and blood levels of bacteria, demonstrating that they are more sensitive markers of infection by S. aureus. This study proved important because there are no studies that relate this specific model of sepsis with its pathophysiological effects and participation of biomarkers. We believe our results may provide a better understanding of pathophysiology and aid in the search for a more reliable diagnostic approach
